Background: Decompressing craniectomy (DC) is an important method for the management of severe traumatic brain injury (TBI). Objective: To analyze the effect of prophylactic DC within 24 hours after head trauma TBI. Methods: Seventy-two patients undergoing prophylactic DC for severe TBI were included in this retrospective study. Both of the early and late outcomes were studied and the prognostic factors were analyzed. Results: In this series, cumulative death in the first 30 days after DC was 26%, and 28 (53%) of 53 survivors in the first month had a good outcomes. The factors including Glasgow Coma Score (GCS) score at admission, whether the patient had an abnormal pupil response and whether the midline shift was greater than 5 mm were most important prognostic factors for the prediction of death in the first 30 days and the final outcome at 6 months after DC. Conclusion: Prophylactic DC plays an important role in the management of highly elevated ICP, especially when other methods of reduction of ICP are unavailable.
Brief communication (Original)
Decompressing craniectomy (DC) is an important method for the management of severe traumatic brain injury (TBI), especially when patients develop refractory intracranial hypertension for which conservative methods are ineffective. Although there are still debates about its effect on improving patients' outcome, DC is widely performed for the management of TBI in medical institutes throughout the world.
At present, the European Brain Injury Consortium and Brain Trauma Foundation guidelines for severe traumatic brain injuries referred to DC as a secondtier therapy for refractory intracranial hypertension that does not respond to conventional therapeutic measures [1, 2] . Commonly, in most studies, surgical decompression is performed under the guidance of intracranial cerebral pressure (ICP) monitoring, and be used to reduce ICP after lack of effectiveness of other methods. By contrast, prophylactic or primary DC is performed very early, even without measuring ICP, or before the application of other methods for reducing ICP. This does not follow current guidelines [3] . This type of prophylactic DC is performed frequently for the management of severe TBI. It would already be planned before or during the evacuation of mass lesions to present brain swelling [3, 4] .
Clinical studies investigating the outcome of patients after DC demonstrate mortality rates of between 18% and 90% [5] [6] [7] [8] [9] [10] . However, the heterogeneous character of the patient population, including different surgical procedures, different age groups, and changes in therapeutic concepts, especially whether this surgical decompression is performed as a prophylactic or secondary form, make it impossible to compare mortality figures among these studies and evaluate this surgical procedure.
This study focused on outcomes after undergoing prophylactic early DC in patients with severe TBI during the first 24 hours after TBI. We analyzed prognostic factors in this population and the complications secondary to this prophylactic surgical decompression.
Methods

Patients
We reviewed the clinical courses of consecutively admitted patients presenting to the First Affiliated Hospital, College of Medicine, Zhejiang University. Patients included were admitted from 2003 to 2008. Inclusion criteria were as follows: (1) patients who were admitted to this institution for severe TBI; (2) computed tomography (CT) imaging showed intracranial hematoma with or without the appearance of diffuse brain swelling; and (3) patients admitted to this institution underwent DC within 24 h after TBI as a prophylactic procedure. The indication of prophylactic DC included: (1) the patient had a severe head injury (a GCS score ≤8 when admitted to our hospital) and was comatose; (2) the patient had an acute intracranial hematoma that needed surgical evacuation, and was expected to have severe cerebral edema after the operation. Exclusion criteria were as follows: (1) patients who were younger than 16 years; (2) prior neurologic conditions (including TBI) with residual disability or requiring ongoing medical care; (3) primary brain stem injury seen on initial CT scans.
Included patients were divided into two subgroups according to the outcome assessed at 6 months after the DC (Poor outcome, GOS ≤3; Good outcome, GOS ≥4).
The research protocol was approved by the Clinical Research Ethics Committee of our university.
Prophylactic DC
In this series, DC was performed as a prophylactic surgical therapy during the first 24 hours after TBI. DC included hyperventilation, barbiturates, therapeutic hypothermia, and ICP monitoring. Ventricular cerebrospinal fluid (CSF) drainage was not used before this surgical decompression. However, dehydration through mannitol or furosemide was used in some cases. All patients had intracranial hematoma after TBI disclosed by CT scanning, and this study did not include patients who underwent DC for simple diffuse brain swelling. DC was performed as a standard trauma craniotomy (large fronto-temporoparietal decompressive, 12 cm × 15 cm cranial defect) for lesions confined to one cerebral hemisphere, and a bilateral frontal craniectomy from the floor of the anterior cranial fossa to the coronal suture of the pterion or bilateral standard trauma craniotomy for lesions located diffusely. Moreover, DC was performed together with augmentative duraplasty using temporal fascia or artificial meninges in all patients.
Statistical analysis
Differences between the two groups were compared using independent Student t tests for continuous variables, Pearson chi-square tests, or Fisher's exact test for ranked variables. Data are presented as mean ± standard deviation (mean ± S.D.) and analyzed using SPSS version 13.0 for Windows (SPSS, Chicago, IL). P < 0.05 was considered as statistically significant.
Results
Patient population
Seventy-two patients were included in this study. Demographics are shown in Table 1 .
Outcome
After the first month following DC, nineteen patients died, and forty patients remained either in a vegetative state (nine patients), or severely disabled state (thirty-one patients). The thirty-day mortality was 26%. Survivors were followed for 6 months after DC to determine their GOS. There were 2 patients who died during the follow-up beyond the first month after DC, and the overall mortality rate was 29%. Finally, 28 patients had good outcomes (GOS 4 and GOS 5), and the remaining 44 patients had poor outcomes, including 21 patients who died, 3 patients remained in a vegetative state (GOS 2), and 20 severely disabled patients (GOS 3).
Complications
Contralateral intracranial hematoma developed in 6 patients (8%), and reoperation was performed in 5 patients (Figure 1) . All of these contralateral hematomas developed within 48 hours after DC. During the acute phase another frequent complication was brain herniation through cranial defects (Figure 2) for which CT imaging demonstrated evidence of increased swelling and contusion of the cortex underlying the edge of the cranial defect. Nine patients (13%) develop this complication (a mean of 46 hours after DC). Thirteen patients (18%) developing subdural effusions (Figure 3) , 15 patients (21%) experienced posttraumatic shunt-dependent hydrocephalus, and 3 (4%) suffered posttraumatic epilepsy requiring antiepileptic agents.
Prognostic Factors
The potential factors which may be related to the outcome, included the patients' age, gender, GCS score at admission, whether or not the patient had an abnormal pupil response, and the degree of midline shift. 
Prognostic Factors for Early Outcome (30 days after DC)
Nineteen patients died at the time of 30 days after DC, and 53 patients survived. Between the two populations, the factors including GCS score at admission, whether the patient had abnormal pupil response, and whether the midline shift was greater than 5 mm were significantly different ( Table 2) .
It seems that a lower GCS score, abnormal pupil response, and midline shift that was greater than 5 mm were related to the outcome of death. However, in this series the patients' sex and age were not statistically different between the two populations. 
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Prognostic Factors of Late Outcome (6 months after DC)
According to the outcome assessed 6 months after DC, the patients were divided to two subgroups: patients with good outcome (n = 28) and those with poor outcome (n = 44). Similarly, it seems that the factors including GCS score at admission, whether the patient had an abnormal pupil response, and whether the midline shift was greater than 5 mm were related to poor outcomes ( Table 3) .
Discussion
Cerebral edema is a pathophysiological change following head trauma. It would contribute to elevation of ICP and reduction on cerebral perfusion pressure (CPP), which would successively cause detrimental effects on cerebral oxygen metabolism and can lead to catastrophic sequels. The association of elevated ICP caused by cerebral edema leading to poor outcomes in head trauma is well known [11] [12] [13] . Controlling the elevated ICP is the core principle for management of TBI. DC, which has been used for this aim for a long time, is a surgical procedure in which part of the skull is removed to allow room for swelling of the brain to expand without being constricted. In most studies, it would be performed following ICP monitoring as a second-tier method for controlling refractory intracranial edema and hypertension [7, 14, 15] . It may then be a desperate last method after exhaustion of others. Under these circumstances, DC is performed as a secondary separate surgical procedure in an attempt to reduce ICP and improve CPP by allowing the swollen brain to expand beyond the confines of dura and skull.
Primary or prophylactic DC is defined as a procedure with the initial evacuation of an intracranial mass lesion, when the bone flap is intentionally not replaced even when significant brain swelling is observed or anticipated [4] . There are two types of cases in which neurosurgeons choose to perform prophylactic DC: (1) prophylactic DC is planned before surgery because of severe brain edema seen on CT imaging and clinical evidence (e.g. if the degree of midline shift from early swelling was greater than the volume of a surgical amenable lesion) [16] ; (2) prophylactic DC is decided at the time of evacuation of a mass lesion because of observed or anticipated severe brain edema (e.g. if surgeons encounter massive intraoperative brain swelling during evacuation of an acute subdural hematoma).
In most cases, DC is performed following the protocol for the treatment of refractory intracranial edema and hypertension as a secondary procedure. However, prophylactic DC should also play an important role in the management of severe TBI [1, 4] . Moreover, it is important to bear in mind that ICP monitoring, and a number of therapies such as hypothermia, barbiturates coma, are not available for patients in all units at all times. DC which is readily available, inexpensive, and has only minor side effects, should play a much great role in the management of TBI in these circumstances [3] .
The potential advantages of performing decompressive craniectomy as a primary form include: (1) it would rapidly reduce the elevated ICP and avoid the secondary ischemic and anoxic injury caused by existing or anticipative refractory intracranial hypertension; (2) it may reduce the mortality as a result of stopping refractory intracranial hypertension. However, it must be understood that the large craniectomy also puts the patient at the risk and cost of a second cranioplasty. In addition, primary decompressive craniectomy may also reduce the cost of intensive care during the acute phase of TBI, but then increase the whole cost of the secondary cranioplasty. Group 1 = population of patients who had poor outcome, Group 2 = population of patients who had good outcome, removal of mass lesion (no/yes), abnormal pupil response (yes/no), midline shift >5 mm (yes/no), ∆ = independent Student t test, = Pearson chi-square Most studies of employment of DC in management of TBI included patients who were undergoing secondary or prophylactic DC. This makes it difficult to analyze these data in treatment of TBI. This study is distinct from previous studies in that it analyzes only primary DC. Controversy remains whether this surgical decompression should be performed as a secondary or prophylactic procedure. We believe that studying these two different DC approaches separately is a better way to understand their cost-benefit relationships. In this series involving 72 cases, cumulative deaths in the first 30 days after DC was 26%, and 28 of 53 survivors had a good outcome. All of these patients had low GCS scores (no more than 8) at the time of admission of hospital. This suggests that most patients who underwent prophylactic DC had severe head trauma. This also suggests that patients undergoing prophylactic DC were a group likely to have a poorer prognosis than those usually undergoing secondary DC.
We found that factors including GCS score at admission, abnormal papillary responses, and midline shifts of greater than 5 mm were most important for the prediction of death in the first 30 days and the final outcome at 6 months after DC.
Conclusion
We reported a series of 72 patients who had severe head trauma and underwent prophylactic DC. Though there is still controversy of the final place of DC in the treatment of severe TBI, prophylactic performance of DC does play an important role in the management of highly elevated ICP, especially when other methods of reduction of ICP are unavailable. GCS score on admission, whether the patient had abnormal pupil response, and whether the midline shift was greater than 5 mm may be important prognostic factors related to final outcome. In addition, we suggest that in future studies of DC it is important to discuss prophylactic DC and secondary DC separately.
